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.H\ZRUGV %LJ'DWD1R64/80/&RQFHSWXDO0RGHO0'$497
$EVWUDFW 1R64/GDWD VWRUHV DUHEHFRPLQJZLGHO\XVHG WRKDQGOH%LJ'DWD WKHVH V\VWHPVRSHUDWHRQ VFKHPDOHVV
GDWD PRGHO HQDEOLQJ XVHUV WR LQFRUSRUDWH QHZ GDWD LQWR WKHLU DSSOLFDWLRQV ZLWKRXW XVLQJ D SUHGHILQHG
VFKHPD %XW WKHUH LV VWLOO D QHHG IRU D FRQFHSWXDO PRGHO WR GHILQH KRZ GDWD ZLOO EH VWUXFWXUHG LQ WKH
GDWDEDVH ,Q WKLV SDSHU ZH VKRZ KRZ WR VWRUH %LJ 'DWD GHVFULEHG E\ FRQFHSWXDO PRGHO ZLWKLQ 1R64/
V\VWHPV )RU WKLVZH XVH WKH0RGHO'ULYHQ$UFKLWHFWXUH 0'$ WKDW SURYLGHV D IUDPHZRUN IRUPRGHOV
DXWRPDWLFWUDQVIRUPDWLRQ6WDUWLQJIURPDFRQFHSWXDOPRGHOGHVFULELQJDVHWRIFRPSOH[REMHFWVZHSURSRVH
WUDQVIRUPDWLRQ UXOHV IRUPDOL]HG ZLWK 497 WR JHQHUDWH 1R64/ SK\VLFDO PRGHOV 7R HQVXUH HIILFLHQW
DXWRPDWLF WUDQVIRUPDWLRQ DQG WR OLPLW WKH LPSDFWV UHODWHG WR WHFKQLFDO DVSHFWV RI 1R64/ V\VWHPV ZH





&RPSDQ\ GLJLWDO WUDQVIRUPDWLRQ LV DFFRPSDQLHG E\
DQ H[SRQHQWLDO JURZWK LQ GDWD FROOHFWHG ZKLFK LV
NQRZQDV%LJ'DWD*HQHUDOO\ZHGHVFULEH%LJ'DWD
DFFRUGLQJ WR WKUHHYHFWRUV *DUWQHU9ROXPH
PDQ\ WHUDE\WHVRIGDWD WKDW QHHG WREHSURFHVVHG
9DULHW\GLIIHUHQWGDWDW\SHLQFOXGLQJIDFWRUVVXFKDV
IRUPDW VWUXFWXUH DQG VRXUFHV DQG9HORFLW\ VSHHG
RIGDWD ORDGLQJDQGSURFHVVLQJ5HODWLRQDO V\VWHPV
UHSUHVHQWLQJ WKH PDMRULW\ RI '%06 SURYH WR EH




DUHZHOO VXLWHG IRUPDQDJLQJ ODUJH YROXPH RI GDWD
7KH\DOVRRIIHU JRRGSHUIRUPDQFHZKHQ VFDOLQJXS
$QJDGL1R64/HQFRPSDVVHVDZLGHYDULHW\
RI GLIIHUHQW V\VWHPV WKDW ZHUH GHYHORSHG WR PHHW
VSHFLILFQHHGV7KH\FDQEHFODVVLILHGLQWRIRXUEDVLF
W\SHV NH\YDOXH FROXPQRULHQWHG GRFXPHQW DQG
JUDSKRULHQWHG ,Q WKLV SDSHU ZH H[FOXGH WKH NH\
YDOXH EHFDXVH FROXPQRULHQWHG GRFXPHQWRULHQWHG
DQG JUDSKRULHQWHG V\VWHPV H[WHQG WKH FRQFHSWV RI
NH\YDOXHV\VWHPV$EDGL
%LJ'DWDDSSOLFDWLRQVGHYHORSHUV DUH IDFHGZLWK
WKH SUREOHPRI VWRULQJGDWD LQ1R64/ V\VWHPV7R
DGGUHVV WKLV SUREOHP VRPH VROXWLRQV GHDOLQJ ZLWK
PRGHO WUDQVIRUPDWLRQKDYHEHHQSURSRVHG/L HW DO
/LSURSRVH0'$EDVHGSURFHVVWRWUDQVIRUP
80/ FODVV GLDJUDP LQWR FROXPQRULHQWHG SK\VLFDO
+%DVHPRGHO'DQLHO HW DO 'DQLHOGHVFULEH
PDSSLQJEHWZHHQDQ80/FRQFHSWXDOPRGHO DQGD
1R64/SK\VLFDOPRGHOFRPSDWLEOHRQO\ZLWKJUDSK
RULHQWHG V\VWHPV ,Q WKHVH ZRUNV WKH DGRSWHG
SURFHVVHV GHSHQG RQO\ RQ RQH W\SH RI 1R64/
V\VWHPV FROXPQRULHQWHG LQ /L  DQG JUDSK
RULHQWHGLQ'DQLHO+RZHYHUXVHUVQHHGWR
FKRRVH WKH V\VWHP W\SHPRVW VXLWHG WR WKHLU QHHGV
)RUH[DPSOHSURFHVVLQJRSHUDWLRQVUHTXLUHDFFHVVWR
KLHUDUFKLFDOO\ VWUXFWXUHG GDWD GRFXPHQWRULHQWHG LV
WKHPRVWDGDSWHGVROXWLRQ
7KH PDLQ SXUSRVH RI RXU ZRUN LV WR DVVLVW
GHYHORSHUV LQ LPSOHPHQWLQJ %LJ 'DWD RQ 1R64/
V\VWHPV )RU WKLV ZH SURSRVH D QHZ 0'$EDVHG
SURFHVV WKDW WUDQVIRUPV D FRQFHSWXDO GDWD PRGHO
GHVFULELQJ %LJ 'DWD LQWR VHYHUDO 1R64/ SK\VLFDO
PRGHOV7KLVDXWRPDWLFSURFHVVDOORZVGHYHORSHU WR
FKRRVHWKHV\VWHPW\SHKHZDQWVWRXVH
7KH UHVW RI WKH SDSHU LV VWUXFWXUHG DV IROORZV
6HFWLRQPRWLYDWHVRXUZRUNXVLQJDFDVHVWXG\ LQ
WKHKHDOWKFDUHILHOG6HFWLRQLQWURGXFHVRXU0'$
EDVHG DSSURDFK 6HFWLRQ  SUHVHQWV D ILUVW
WUDQVIRUPDWLRQ WKDW FUHDWHV D1R64/ ORJLFDOPRGHO
VWDUWLQJIURP80/FODVVGLDJUDP6HFWLRQSUHVHQWV
D VHFRQG WUDQVIRUPDWLRQ WKDW JHQHUDWHV 1R64/
SK\VLFDO PRGHOV IURP WKH ORJLFDO PRGHO 6HFWLRQ 
GHWDLOV RXU H[SHULPHQWV DQG 6HFWLRQ  UHYLHZV
SUHYLRXV ZRUN RQ PRGHOV WUDQVIRUPDWLRQ )LQDOO\
6HFWLRQ  HQGV XS ZLWK WKH FRQFOXVLRQ DQG IXWXUH
ZRUN
 027,9$7,21
7R PRWLYDWH DQG LOOXVWUDWH RXU ZRUN ZH SUHVHQW D
FDVH VWXG\ LQ KHDOWKFDUH ILOHG 7KLV FDVH VWXG\
FRQFHUQV QDWLRQDO RU LQWHUQDWLRQDO VFLHQWLILF
SURJUDPV IRU PRQLWRULQJ SDWLHQWV KDYLQJ VHULRXV
GLVHDVHV 7KH PDLQ JRDO RI WKLV SURJUDP LV  WR
FROOHFW GDWD DERXW GLVHDVH GHYHORSPHQW RYHU WLPH




LQ VXFK D SURJUDP KDYH WKH FKDUDFWHULVWLFV RI %LJ
'DWD WKH  9 9ROXPH 7KH DPRXQW RI GDWD
FROOHFWHG IURP DOO WKH HVWDEOLVKPHQWV LQ WKUHH \HDUV
FDQ UHDFK VHYHUDO WHUDE\WHV9DULHW\ 'DWD FUHDWHG
ZKLOHPRQLWRULQJ SDWLHQWV FRPH LQ GLIIHUHQW W\SHV 
WKH\ FDQ EH  VWUXFWXUHG OLNH SDWLHQW
V YLWDO VLJQV
UHVSLUDWRU\ UDWH EORRG SUHVVXUH WHPSHUDWXUH HWF
SDWLHQW QDPHGLDJQRVLV FRGHV HWF XQVWUXFWXUHG
VXFK DV SDWLHQW KLVWRULHV FRQVXOWDWLRQ VXPPDULHV
SDSHUSUHVFULSWLRQVUDGLRORJ\UHSRUWVDQGVHPL
VWUXFWXUHGGRFXPHQWVXFKDV WKHSDFNDJH OHDIOHWVRI
PHGLFLQDO SURGXFWV WKDW SURYLGH D VHW RI
FRPSUHKHQVLEOH LQIRUPDWLRQHQDEOLQJ WKHXVHRI WKH
PHGLFLQDO SURGXFW VDIHO\ DQG DSSURSULDWHO\
9HORFLW\ 6RPH GDWD DUH SURGXFHG LQ FRQWLQXRXV
IORZ E\ VHQVRUV LW PXVW EH SURFHVVHG LQ QHDU UHDO
WLPHEHFDXVHLWFDQEHLQWHJUDWHGLQWRWLPHVHQVLWLYH
SURFHVVHV IRU H[DPSOH VRPH PHDVXUHPHQWV OLNH
WHPSHUDWXUH UHTXLUH DQ HPHUJHQF\ PHGLFDO
WUHDWPHQWLIWKH\FURVVDJLYHQWKUHVKROG
 80/WR1R64/$3352$&+
2XU SXUSRVH LQ WKLV SDSHU LV WR GHILQH VSHFLI\ DQG
DXWRPDWH DSURFHVV IRU VWRULQJ%LJ'DWD LQ1R64/
V\VWHPV )RU WKLV ZH SURSRVH WKH SURFHVV FDOOHG
80/WR1R64/ WKDW DXWRPDWLFDOO\ WUDQVIRUPV D
FRQFHSWXDOPRGHO80/FODVVGLDJUDPSURYLGHGE\
WKHGHYHORSHULQWRWKHSK\VLFDOPRGHORIWKH1R64/
V\VWHPKHZDQWV WR XVH ,Q80/WR1R64/SURFHVV
ZH LQWURGXFH D ORJLFDO OHYHO EHWZHHQ FRQFHSWXDO
EXVLQHVV GHVFULSWLRQ DQG SK\VLFDO WHFKQLFDO
GHVFULSWLRQ OHYHOV LQ ZKLFK D JHQHULF PRGHO LV
GHYHORSHG7KLVJHQHULF ORJLFDOPRGHOKDVDGRXEOH
LQWHUHVW  FRPSDWLEOH ZLWK WKH WKUHH 1R64/
V\VWHPV ZKLFK DOORZ GHYHORSHUV WR FKRRVH WKH
1R64/V\VWHPW\SHWKDWEHVWPHHWVWKHLUQHHGV
LQGHSHQGHQW RI WKH WHFKQLFDO DVSHFWV RI 1R64/
V\VWHPVWKDWFDQHYROYHDQGFUHDWHQHZYHUVLRQV7R




RI LWV LPSOHPHQWDWLRQ LQ D VSHFLILF SODWIRUP
+XWFKLQVRQ  7KLV DUFKLWHFWXUH GHILQHV D
KLHUDUFK\ RI PRGHOV IURP WKUHH SRLQWV RI YLHZ
&RPSXWDWLRQ ,QGHSHQGHQW 0RGHO &,0 3ODWIRUP




,Q RXU VFHQDULR WKH 80/ DQG JHQHULF PRGHOV
ZRXOG FRQIRUP WR WKH 3,0 OHYHO 80/WR1R64/
SURFHVV WDNHV FDUH RI JHQHUDWLQJ WKH JHQHULFPRGHO
ORJLFDO 3,0 IURP WKH 80/ FODVV GLDJUDP
FRQFHSWXDO 3,0 $W WKH 360 OHYHO ZH FRQVLGHU
WKUHHSK\VLFDOPRGHOV WKDW FRUUHVSRQG WR&DVVDQGUD
FROXPQRULHQWHG V\VWHP 0RQJR'% GRFXPHQW
RULHQWHGV\VWHPDQG1HR-JUDSKRULHQWHGV\VWHP




FODVV GLDJUDP FRQFHSWXDO 3,0 LQWR WKH JHQHULF
ORJLFDOPRGHO  FRQIRUPLQJ WR WKHJHQHULF ORJLFDO
PHWDPRGHO SURSRVHG LQ 6HFWLRQ  WKLV PHWDPRGHO
GHVFULEHVDGDWDVWUXFWXUHFRPSDWLEOHZLWK WKH WKUHH
W\SHV RI 1R64/ V\VWHPV
*HQHULF0RGHOWR3K\VLFDO0RGHO  LV WKH VHFRQG
WUDQVIRUPDWLRQVHFWLRQLQ80/WR1R64/,WLVLQ
FKDUJH RI WUDQVIRUPLQJ WKH JHQHULF ORJLFDO PRGHO
LQWR1R64/SK\VLFDOPRGHOV360V
:H QRWH WKDW 80/WR1R64/ SURFHVV JHQHUDWHV
VHYHUDO1R64/SK\VLFDOPRGHOV IURPD80/FODVV
GLDJUDP ,Q RUGHU WR GR WKLV LW¶V QHFHVVDU\ WR
UHJLVWHU IRU HDFK SK\VLFDO PRGHO LWV VSHFLILF
SDUDPHWHUV WUDQVIRUPDWLRQ UXOHV 7R LOOXVWUDWH RXU
ZRUN ZH KDYH WDNHQ DV H[DPSOH WKUHH SK\VLFDO
PRGHOV WKDW FRUUHVSRQG WR &DVVDQGUD 0RQJR'%
DQG1HRMV\VWHPV ,I WKHGHYHORSHUFKRRVHV WRXVH












80/ LV ZLGHO\ DFFHSWHG DV D VWDQGDUG PRGHOOLQJ
ODQJXDJH IRU GHVFULELQJ GDWD 7KHUHIRUH ZH PRGHO





ZH FRQVLGHU RQO\ WKH VWUXFWXUDO SDUW VLQFH WKH
RSHUDWLRQV DUH OLQNHG WR WKH EHKDYLRXUZHZLOO QRW





HWF RU D EXVLQHVV FODVV FODVV GHILQHG E\
XVHUx F,GHQW2LVDVSHFLDODWWULEXWHRIFLWKDVDQDPHୡ1 DQG D W\SH FDOOHG ³2LG´ ,Q WKLV
SDSHU DQ DWWULEXWH ZKRVH W\SH LV ³2LG´
UHSUHVHQWV D XQLTXH REMHFW LGHQWLILHU LH DQ
DWWULEXWH ZKRVH YDOXH GLVWLQJXLVKHV DQ REMHFW
IURPDOORWKHUREMHFWVRIWKHVDPHFODVV
/ LV D VHW RI OLQNV (DFK OLQN O EHWZHHQ Q FODVVHV
ZLWKQ! LVGHILQHGDVDWXSOH17\ܲݎ௟ZKHUHx O1LVWKHOLQNQDPHx O7\LVWKHOLQNW\SH$VVRFLDWLRQ&RPSRVLWLRQ
RU*HQHUDOL]DWLRQx O୪   ^ଵ୪ ǡ ǥ ǡ ୬୪ ` LV D VHW RI Q SDLUV׊Lא
^Q`୧୪   FFU ZKHUH୧୪F LV D OLQNHGFODVV DQG୧୪FU LV WKH FDUGLQDOLW\SODFHGQH[WWRF1RWHWKDW୧୪FUFDQFRQWDLQDQXOOYDOXHLIQRFDUGLQDOLW\LVLQGLFDWHGQH[WWRFOLNHLQ
JHQHUDOL]DWLRQOLQN
&ODVV GLDJUDPPHWDPRGHO LV VKRZQ LQ ILJXUH 





7KLV VHFWLRQDLPV WRGHILQHDJHQHULF ORJLFDOPRGHO
WKDW GHVFULEHV GDWD DFFRUGLQJ WR WKH FRPPRQ
FKDUDFWHULVWLFVWRWKHWKUHHW\SHVRI1R64/V\VWHPV
FROXPQRULHQWHG GRFXPHQWRULHQWHG DQG JUDSK
RULHQWHG ,Q WKH JHQHULF ORJLFDO PRGHO 'DWD%DVH
'%LVGHILQHGDVDWXSOH175ZKHUH
1LVWKHGDWDEDVHQDPH
7LVDVHWRIWDEOHV7KHVFKHPDRIHDFKWDEOHWא7LVDWXSOH1$,GHQW/ZKHUHx W1LVWKHWDEOHQDPHx W$ ^ଵ୲ ǡ ǥ ǡ ୯୲ `LVDVHWRITDWWULEXWHVWKDWZLOO
EHXVHGWRGHILQHURZVRIWHDFKURZFDQKDYH
DYDULDEOHQXPEHURIDWWULEXWHV7KHVFKHPDRI
HDFK DWWULEXWH୲א $ LV D SDLU 17\ZKHUH
³୲1´ LV WKH DWWULEXWH QDPH DQG ³୲7\´ WKH
DWWULEXWHW\SHx W,GHQW/LVDVSHFLDODWWULEXWHRIWLWKDVDQDPH୲1DQGDW\SHFDOOHG³URZNH\´,QWKLV
SDSHU DQ DWWULEXWH ZKRVH W\SH LV ³URZNH\´
UHSUHVHQWV D XQLTXH URZ LGHQWLILHU LH DQ
DWWULEXWHZKRVHYDOXHGLVWLQJXLVKHVDURZIURP
DOORWKHUURZVRIWKHVDPHWDEOH
5 LV D VHW RI UHODWLRQVKLSV$ UHODWLRQVKLS LV D OLQN
EHWZHHQ WZR WDEOHV ,Q WKH JHQHULF ORJLFDO PRGHO
WKHUH DUH RQO\ ELQDU\ UHODWLRQVKLSV EHWZHHQ WDEOHV
(DFKUHODWLRQVKLSUא5EHWZHHQݐଵDQGݐଶLVGHILQHGDVDWXSOH17\ܲݎ௥ZKHUHx U1LVWKHUHODWLRQVKLSQDPHx U7\ LV WKH UHODWLRQVKLS W\SH  $VVRFLDWLRQ
&RPSRVLWLRQRU*HQHUDOL]DWLRQx U୰   ^ଵ୰ǡ ଶ୰` LV D VHW RI WZR SDLUV׊Lא^` ୧୰   WFU ZKHUH ୧୰W LV D UHODWHGWDEOHDQG݌ݎ௜௥FULVWKHFDUGLQDOLW\SODFHGQH[WWRW








5 HDFK DWWULEXWHୡא F$ LV WUDQVIRUPHG LQWR DQ
DWWULEXWH୲ZKHUH୲1 ୡ1୲7\SH ୡ&DQG
DGGHG WR WKH DWWULEXWH OLVW RI LWV WUDQVIRUPHG
FRQWDLQHUWVXFKDV୲אW$
5HDFKOLQNOא/EHWZHHQWZRFODVVHVଵDQGଶLVWUDQVIRUPHG LQWR D UHODWLRQVKLS Uא 5 EHWZHHQ WZR
WDEOHVଵDQGଶZKHUHU1 O1U7\ O7\HWU୰ O୪ZKHUHଵDQGଶDUHWKHWDEOHVUHSUHVHQWLQJଵDQGଶ5 HDFK OLQN Oא / EHWZHHQ Q FODVVHV ^ଵǡ ǥ ǡ ୬`Q! LVWUDQVIRUPHGLQWRDQHZWDEOH୪ZKHUH୪1 O1DQGQUHODWLRQVKLSV^ଵǡ ǥ ǡ ୬`׊Lא
^Q`୧ OLQNV ୪ WR DQRWKHU WDEOH ୧ UHSUHVHQWLQJDUHODWHGFODVV୧ZKHUH୧1 ୪1B୧1୧7\SH $VVRFLDWLRQDQG୧୰ ^୪FU୧FU`5 HDFK DVVRFLDWLRQ FODVV ୟୱୱ୭EHWZHHQ Q FODVVHV^ଵǡ ǥ ǡ ୬` Q!  LV WUDQVIRUPHG OLNH D OLQNEHWZHHQPXOWLSOHFODVVHV5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୧ ZKHUH ୧1  ୟୡ1B୧1 ୧7\SH   $VVRFLDWLRQ HW ୧୰  ^ୟୡFU୧FU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WRSOHYHO FRQWDLQHU WKDW RZQV DOO WKH HOHPHQWV ,W¶V
GHILQHGDVDWXSOH1)ZKHUH
1LVWKHNH\VSDFHQDPH
) LV D VHW RI FROXPQVIDPLOLHV 7KH VFKHPD RI
HDFK FROXPQVIDPLO\ I א) LV D WXSOH 1 &O
3ULPDU\.H\ZKHUHx I1LVWKHFROXPQVIDPLO\QDPHx I&O   ^ଵǡ ǥ ǡ ୯` LV D VHW RI T FROXPQV WKDW
ZLOOEHXVHGWRGHILQHURZVRIIHDFKURZFDQ
KDYH D YDULDEOH QXPEHU RI FROXPQV 7KH
^;25`
VFKHPD RI HDFK FROXPQ FO א &O LV D SDLU
17\ZKHUH³FO1´ LV WKHFROXPQQDPHDQG
³FO7\´WKHFROXPQW\SHx I3ULPDU\.H\ LV D VSHFLDO FROXPQRI I LW KDVD
QDPH ୤ 1 DQG D W\SH୤7\ VWDQGDUG GDWD W\SH୤LGHQWLILHVHDFKURZRII
 0RQJR'%3K\VLFDO0RGHO
,Q0RQJR'% SK\VLFDOPRGHO 'DWD%DVH ୑ୈ LV
WKH WRSOHYHO FRQWDLQHU WKDW RZQV DOO WKH HOHPHQWV
,W¶VGHILQHGDVDWXSOH1&OOZKHUH
1LVWKHGDWDEDVHQDPH
&OO LV D VHW RI FROOHFWLRQV 7KH VFKHPD RI HDFK
FROOHFWLRQFOOא&OOLVDWXSOH1)O,GZKHUHx FOO1LVWKHFROOHFWLRQQDPHx FOO)O   	୅ ׫ 	େଡ଼LV D VHW RI DWRPLF DQG
FRPSOH[ ILHOGV WKDW ZLOO EH XVHG WR GHILQH
URZV FDOOHG GRFXPHQWV RI &OO HDFK
GRFXPHQW FDQ KDYH D YDULDEOH QXPEHU RI
ILHOGV7KH VFKHPDRI HDFKDWRPLF ILHOG ୟא	୅LVDWXSOH17\ZKHUH³ୟ1´LVWKHILHOG
QDPH DQG ³ୟ7\´ LV WKH ILHOG W\SH 7KH
VFKHPD RI HDFK FRPSOH[ ILHOG ୡ୶א 	େଡ଼ LV
DOVR D WXSOH 1 )O¶ZKHUH ୡ୶1 LV WKH ILHOG
QDPHDQGୡ୶)O¶LVDVHWRIILHOGVZKHUH)O¶




,Q 1HRM SK\VLFDO PRGHO *UDSK *5 LV WKH WRS
OHYHO FRQWDLQHU WKDW RZQV DOO WKH HOHPHQWV ,W¶V
GHILQHGDVDWXSOH9(ZKHUH
9LVDVHWRIYHUWH[7KHVFKHPDRIHDFKYHUWH[Yא9LVDWXSOH/3UR,GZKHUHx Y/LVWKHYHUWH[ODEHOx Y3UR ^ଵǡ ǥ ǡ ୯`LVDVHWRITSURSHUWLHV
7KH VFKHPD RI HDFK SURSHUW\ SURא 3UR LV D
SDLU 17\ ZKHUH ³SUR1´ LV WKH SURSHUW\




6HYHUDO VROXWLRQV FDQ HQVXUH WKH WUDQVIRUPDWLRQ RI
WKH JHQHULF ORJLFDO PRGHO LQWR D 1R64/ SK\VLFDO
PRGHO :H SURYLGH DOO WUDQVIRUPDWLRQ SRVVLELOLWLHV
DYDLODEOH WKHGHYHORSHU FKRRVHV WKHRQH WKDWPHHWV
EHWWHU KLV QHHGV:H QRWH WKDW WKH VHW RI VROXWLRQV
SURSRVHG LQ WKLV VHFWLRQ LV QRW LQFOXVLYH 0RUH
PDUJLQDOVROXWLRQVPD\EHFRQVLGHUHG
 7R&DVVDQGUD3K\VLFDO0RGHO
5 HDFK GDWDEDVH '% LV WUDQVIRUPHG LQWR D
NH\VSDFH.6ZKHUH.61 '%1
5 HDFK WDEOH W א '% LV WUDQVIRUPHG LQWR D
FROXPQVIDPLO\ I א .6 ZKHUH I1   W1௙1 ௧1
5 HDFK DWWULEXWH ܽ௧ א W$ LV WUDQVIRUPHG LQWR D
FROXPQ FO ZKHUH FO1  ܽ௧1 FO7\  ܽ௧7\ DQG
DGGHGWRWKHFROXPQOLVWRILWVWUDQVIRUPHGFRQWDLQHU
IVXFKDVFOאI&O
5 HDFK UHODWLRQVKLS Uא 5 EHWZHHQ WZR WDEOHV ଵDQGଶLVWUDQVIRUPHGE\XVLQJUHIHUHQFHV&DVVDQGUDGRHV QRW VXSSRUW LPEULFDWLRQ WKH RQO\ VROXWLRQZH
FDQ XVH WR H[SUHVV UHODWLRQV EHWZHHQ FROXPQV
IDPLOLHVFRQVLVWVLQXVLQJUHIHUHQFHV
'HSHQGLQJ RQ WKH UHODWLRQVKLS W\SHZH GLVWLQJXLVK
WKHIROORZLQJVROXWLRQVx LI U   1 $VVRFLDWLRQ ^ଵFUଶFU` ZHWUDQVIRUPUDFFRUGLQJWRLWVFDUGLQDOLWLHV
o LI U   1$VVRFLDWLRQ ^ଵଶ` WKHUHDUHWZRSRVVLEOHVROXWLRQV
Solution 1: U LV WUDQVIRUPHG LQWR D QHZ FROXPQ FO
UHIHUHQFLQJଶ WKH FROXPQVIDPLO\ UHSUHVHQWLQJଶZKHUH FO1   ଶ1B5HI HW FO7\  ୤ଶ7\DQGDGGHG WR WKHFROXPQV OLVWRIଵWKHFROXPQVIDPLO\UHSUHVHQWLQJଵVXFKDVFOאଵ&O
Solution 2: U LV WUDQVIRUPHG LQWRDQHZPXOWLYDOXHG
FROXPQ FO UHIHUHQFLQJଵ WKH FROXPQVIDPLO\UHSUHVHQWLQJଵZKHUHFO1 ଵ1B5HIHWFO7\ VHW୤ଵ!7\ DQG DGGHG WR WKH FROXPQV
OLVWRI ଶ WKHFROXPQVIDPLO\ UHSUHVHQWLQJଶ VXFKDVFOאଶ&O
o LI U   1 $VVRFLDWLRQ ^ଵଶ`  U LVWUDQVIRUPHGLQWRDQHZFROXPQFOUHIHUHQFLQJ
WKH FROXPQVIDPLO\ I UHSUHVHQWLQJ RQH RI WKH
WZR UHODWHG WDEOHV ଵ RU ଶ ZKHUH FO1  I1B5HI HW FO7\   ୤7\ DQG
DGGHG WR WKH FROXPQV OLVW RI WKH FROXPQV
IDPLO\ I¶ UHSUHVHQWLQJ WKH RWKHU UHODWHG WDEOH
VXFKDVFOאI¶&O
o LI U   1 $VVRFLDWLRQ ^ଵଶ` WZRVROXWLRQVFRXOGEHFRQVLGHUHG
Solution 1: U LV WUDQVIRUPHG LQWRDQHZPXOWLYDOXHG
FROXPQ FO UHIHUHQFLQJ WKH FROXPQVIDPLO\ I
UHSUHVHQWLQJRQHRIWKHWZRUHODWHGWDEOHVଵRUଶZKHUH FO1   I1B5HI HW FO7\  
VHW୤!7\DQGDGGHGWRWKHFROXPQVOLVW
RI WKH FROXPQVIDPLO\ I¶ UHSUHVHQWLQJ WKH RWKHU
UHODWHGWDEOHVXFKDVFOאI¶&O
Solution 2: U LV WUDQVIRUPHG LQWR D QHZ FROXPQV





PXOWLSOH FRPSRQHQWV 7R WUDQVIRUP LW WKHUH
DUHWZRSRVVLEOHVROXWLRQV
Solution 1: U LV WUDQVIRUPHG LQWRDQHZPXOWLYDOXHG
FROXPQ FO UHIHUHQFLQJ WKH FROXPQVIDPLO\ ଶUHSUHVHQWLQJ WKH FRPSRQHQW ଶ ZKHUH FO1  ଶ1B5HI DQG FO7\   VHW ୤ଶ ൐7\DQGDGGHGWRWKHFROXPQVOLVWRIWKHFROXPQVIDPLO\ଵUHSUHVHQWLQJWKHFRPSRVLWHଵVXFKDVFOאଵ&O
Solution 2: U LV WUDQVIRUPHG LQWR D QHZ FROXPQ FO
UHIHUHQFLQJ WKH FROXPQVIDPLO\ ଵ UHSUHVHQWLQJ WKHFRPSRVLWH ଵZKHUH FO1  ଵ1B5HI HW FO7\ ୤ଵ7\DQGDGGHGWRWKHFROXPQVOLVWRI
WKH FROXPQVIDPLO\ ଶ UHSUHVHQWLQJ WKH FRPSRQHQWଶVXFKDVFOאଶ&Ox LIU 1*HQHUDOL]DWLRQ^ଵଶQXOO`LQJHQHUDOL]DWLRQ UHODWLRQVKLS EHWZHHQ D VXSHU
WDEOH ଵ DQG D VXEWDEOH ଶ FDUGLQDOLW\ RI WKHVXSHUWDEOH LV  ZKLFK PHDQV WKDW HDFK
LQVWDQFH RI WKH VXEWDEOH LV DOVR DQ LQGLUHFW
LQVWDQFH RI WKH VXSHUWDEOH %HFDXVH RI WKLV
JHQHUDOL]DWLRQ UHODWLRQVKLS LV DOVR LQIRUPDOO\
FDOOHG,V$UHODWLRQVKLS:HWUDQVIRUPLWLQWR
D QHZ FROXPQ FO UHIHUHQFLQJ WKH FROXPQV
IDPLO\ ଵ UHSUHVHQWLQJ WKH VXSHUWDEOH ଵZKHUH FO1   ଵ1B5HI HW FO7\  ୤ଵ7\ DQGDGGHG WR WKHFROXPQV
OLVW RI WKH FROXPQVIDPLO\ ଶ UHSUHVHQWLQJ WKHVXEWDEOHଶVXFKDVFOאଶ&O
 7R0RQJR'%3K\VLFDO0RGHO
5 HDFK GDWDEDVH '% LV WUDQVIRUPHG LQWR D
0RQJR'%GDWDEDVHܦܤெ஽ZKHUHܦܤெ஽1 '%1
5 HDFK WDEOH W א '% LV WUDQVIRUPHG LQWR D
FROOHFWLRQFOOאܦܤெ஽ZKHUHFOO1  W1HW௖௟௟1
 ௧1




5 D UHODWLRQVKLS U EHWZHHQ WZR WDEOHV ݐଵ DQG ݐଶFRXOG EH WUDQVIRUPHG LQ 0RQJR'% E\ XVLQJ
UHIHUHQFHV RU LPEULFDWLRQ 'HSHQGLQJ RQ WKH
UHODWLRQVKLS W\SH ZH GLVWLQJXLVK WKH IROORZLQJ
VROXWLRQVx LI U   1 $VVRFLDWLRQ ^ଵFUଶFU` ZHWUDQVIRUPUDFFRUGLQJWRLWVFDUGLQDOLWLHV
o LI U   1$VVRFLDWLRQ ^ଵଶ` WKHUHDUHWZRSRVVLEOHVROXWLRQV
Solution 1: U LV WUDQVIRUPHG LQWR D QHZ ILHOG IO
UHIHUHQFLQJଶ WKH FROOHFWLRQ UHSUHVHQWLQJଶZKHUHIO1 ଶ1B5HIDQGIO7\ ୡ୪୪మ7\DQGDGGHG WR WKH ILHOGV OLVW RI ଵ WKH FROOHFWLRQUHSUHVHQWLQJଵVXFKDVIOאଵ	୅
Solution 2: U LV WUDQVIRUPHG LQWRDQHZPXOWLYDOXHG
ILHOG IO UHIHUHQFLQJଵ WKH FROOHFWLRQUHSUHVHQWLQJଵZKHUHIO1 ଵ1B5HIDQGIO7\ VHWୡ୪୪భ!7\DQGDGGHG WR WKH ILHOG OLVWRI ଶWKHFROOHFWLRQUHSUHVHQWLQJଶVXFKDVIOאଶ	୅
o LI U   1 $VVRFLDWLRQ ^ଵଶ`  U LVWUDQVIRUPHGLQWRDQHZILHOGIOUHIHUHQFLQJWKH
FROOHFWLRQ FOO UHSUHVHQWLQJ RQH RI WKH WZR
UHODWHG WDEOHV ଵ RU ଶ ZKHUH IO1  FOO1B5HIDQGIO7\ ୡ୪୪7\DQGDGGHGWR
WKH ILHOG OLVW RI FOO¶ UHSUHVHQWLQJ WKH RWKHU
UHODWHGWDEOHVXFKDVIOאFOO¶ܨ݈஺
o LI U   1 $VVRFLDWLRQ ^ଵଶ` WZRVROXWLRQVFRXOGEHFRQVLGHUHG
Solution 1: U LV WUDQVIRUPHG LQWRDQHZPXOWLYDOXHG
ILHOG IO UHIHUHQFLQJ WKH FROOHFWLRQ FOO UHSUHVHQWLQJ
RQHRIWKHWZRUHODWHGWDEOHVଵRUଶZKHUHIO1 FOO1B5HIDQG IO7\ VHWୡ୪୪!7\DQGDGGHG WR
WKH ILHOG OLVW RI FOO¶ UHSUHVHQWLQJ WKH RWKHU UHODWHG
WDEOHVXFKDVIOאFOO¶	୅
Solution 2:ULVWUDQVIRUPHGLQWRDQHZFROOHFWLRQFOO
ZKHUH FOO1   U1 FOO)O   ^ଵǡ ଶ` ଵ1  ଵ1B5HIଵ7\ ୡ୪୪మ7\ଶ1 ଶ1B5HIDQG ଶ7\   ୡ୪୪మ7\ ZKHUH ଵ DQG ଶDUH WKHFROOHFWLRQVUHSUHVHQWLQJଵDQGଶx LI U   1 &RPSRVLWLRQ ^ଵଶ` WKHUHDUHWKUHHSRVVLEOHVROXWLRQV
Solution 1: U LV WUDQVIRUPHG E\ HPEHGGLQJ WKH
FROOHFWLRQଶUHSUHVHQWLQJWKHFRPSRQHQWଶLQWKHFROOHFWLRQ ଵ UHSUHVHQWLQJ WKH FRPSRVLWH ଵZKHUHଶאଵǤ 	େଡ଼
Solution 2: U LV WUDQVIRUPHG LQWR D QHZ ILHOG IO
UHIHUHQFLQJ WKH FROOHFWLRQ ଵ UHSUHVHQWLQJ WKHFRPSRVLWHଵZKHUHIO1 ଵ1B5HIHWIO7\ ୡ୪୪ଵ7\DQGDGGHGWRWKHILHOGOLVWRIWKHFROOHFWLRQଶ UHSUHVHQWLQJ WKH FRPSRQHQW ଶ VXFK DV IO אଶ	୅
Solution 3: U LV WUDQVIRUPHG LQWRDQHZPXOWLYDOXHG
ILHOG UHIHUHQFLQJ WKHFROOHFWLRQଶ UHSUHVHQWLQJ WKHFRPSRQHQWଶZKHUHIO1 ଶ1B5HIDQGIO7\ VHWୡ୪୪ଶ ൐7\DQGDGGHGWRWKHILHOGOLVWRIWKH
FROOHFWLRQଵ UHSUHVHQWLQJ WKH FRPSRVLWH ଵ VXFKDVIOאଵ	୅x LI U   1 *HQHUDOL]DWLRQ ^ଵଶ QXOO`LW¶V WUDQVIRUPHG LQWR D QHZ ILHOG IO UHIHUHQFLQJ
WKH FROOHFWLRQ ଵ UHSUHVHQWLQJ WKH VXSHUWDEOHଵ ZKHUH IO1   ଵ1B5HI DQG IO7\  ୡ୪୪ଵ7\ DQG DGGHG WR WKH ILHOG OLVW RI WKH
FROOHFWLRQ ଶ UHSUHVHQWLQJ WKH VXEWDEOH ଶVXFKDVIOאଶܨ݈஺
 7R1HRM3K\VLFDO0RGHO
5HDFKWDEOHWא'%LVWUDQVIRUPHGLQWRDYHUWH[Yא9ZKHUHY/ W1௩1 ௧1
5 HDFK DWWULEXWH ܽ௧ א W$ LV WUDQVIRUPHG LQWR D
SURSHUW\SURZKHUH SUR1 ܽ௧1SUR7\ ܽ௧7\
DQG DGGHG WR WKH SURSHUW\ OLVW RI LWV WUDQVIRUPHG
FRQWDLQHUYVXFKDVSURאY3UR
5(DFK UHODWLRQVKLS U EHWZHHQ WZR WDEOHV ଵ DQGଶLV WUDQVIRUPHG LQWR DQ HGJH H ZKHUH H/   U1H ଵ ଵ DQGHଶ ଶZKHUHଵ DQGଶ DUH WKHYHUWH[UHSUHVHQWLQJଵDQGଶ
 (;3(5,0(176
,Q WKLV VHFWLRQZH ILUVWSURYLGH WKH LPSOHPHQWDWLRQ
RI80/WR*HQHULF0RGHOWUDQVIRUPDWLRQDVSUHVHQWHG
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DV LQVWDQFH RIPHWDPRGHOV DQG Query / View / 




%HIRUH SURFHHGLQJ WR WKH LPSOHPHQWDWLRQ RI WKH
WUDQVIRUPDWLRQ UXOHV ILUVW ZH FUHDWHG (FRUH
PHWDPRGHOV FRUUHVSRQGLQJ WR WKH VRXUFH )LJXUH 
DQG WKH WDUJHW )LJXUH7KHQH[W VWHS LV WRFUHDWH
DQLQVWDQFHRIWKHVRXUFHPHWDPRGHO)LJXUHD,Q
SDUDOOHO ZH XVHG 497 SOXJLQ WR LPSOHPHQW WKH
WUDQVIRUPDWLRQ UXOHV )LJXUH E WKH FRPPHQWV LQ
WKHVFULSW LQGLFDWH WKH UXOHVXVHG)LQDOO\ZH WHVWHG
WKH WUDQVIRUPDWLRQ E\ UXQQLQJ WKH497 VFULSW 7KH







7KHJHQHULFPRGHO SURSRVHG LQ WKLV SDSHUGRHV QRW
LPSO\ D VSHFLILF V\VWHP &RQVHTXHQWO\ VHYHUDO
1R64/SK\VLFDOPRGHOVFRXOGEHJHQHUDWHGVWDUWLQJ
IURP LW /DFN RI SODFH ZH VKRZ RQO\ &DVVDQGUD
SK\VLFDO PRGHO ILJXUH E JHQHUDWHG IURP WKH
JHQHULF ORJLFDOPRGHO ILJXUHD$QH[FHUSW IURP





7R WKH EHVW RI RXU NQRZOHGJH WKHUH DUH RQO\ IHZ
VROXWLRQV WKDW KDYH GHDOW ZLWK 1R64/ GDWDEDVHV
FRQFHSWXDO PRGHOLQJ &KHYDOLHU HW DO &KHYDOLHU
 GHILQHG D VHW RI UXOHV WR PDS D
PXOWLGLPHQVLRQDO PRGHO LQWR FROXPQRULHQWHG DQG
GRFXPHQWRULHQWHGPRGHOV7KH OLQNVEHWZHHQ IDFWV
DQG GLPHQVLRQV KDYH EHHQ FRQYHUWHG XVLQJ
LPEULFDWLRQV $OWKRXJK WKH WUDQVIRUPDWLRQ SURFHVV
SURSRVHG E\ DXWKRUV VWDUW IURP D FRQFHSWXDO OHYHO
PXOWLGLPHQVLRQDO PRGHO WKLV VSHFLILF PRGHO LV
GLIIHUHQW IURP WKH80/ VWDQGDUG LW FRQWDLQV IDFWV
GLPHQVLRQVDQGRQHW\SHRIOLQNVRQO\2WKHUVWXGLHV
LQYHVWLJDWH WKH SURFHVV RI WUDQVIRUPLQJ UHODWLRQDO
GDWDEDVHV LQWR +%DVH /L  DQG 0RQJR'%
9DMN  +RZHYHU WKH UHODWLRQDO PRGHO GRHV
QRW SUHVHQW WKH VHPDQWLF ULFKQHVV RI 80/
HVSHFLDOO\WKURXJKWKHVHYHUDOW\SHVRIUHODWLRQVKLSV
EHWZHHQ FODVVHV DVVRFLDWLRQ FRPSRVLWLRQ
JHQHUDOL]DWLRQ HWF )HZ ZRUNV KDYH SUHVHQWHG
DSSURDFKHV WR LPSOHPHQW 80/ FRQFHSWXDO PRGHOV
LQ1R64/GDWDEDVHV/L HW DO /LSURSRVHD
0'$EDVHG DSSURDFK WR WUDQVIRUP 80/ FODVV
GLDJUDP LQWR+%DVH$IWHU EXLOGLQJ WKH VRXUFH DQG
WKH WDUJHW PHWDPRGHOV WKH DXWKRUV KDYH SURSRVHG
PDSSLQJUXOHVWRUHDOL]HWKHWUDQVIRUPDWLRQIURPWKH
FRQFHSWXDO OHYHO WR WKH SK\VLFDO OHYHO 7KHVH UXOHV
DUHDSSOLFDEOHWR+%DVHRQO\'DQLHOHWDO'DQLHO
 GHVFULEH WKH PDSSLQJ EHWZHHQ 80/
FRQFHSWXDO PRGHOV DQG JUDSK GDWDEDVHV YLD DQ
LQWHUPHGLDWH JUDSK PHWDPRGHO 7KHVH UXOHV DUH
VSHFLILFWRJUDSKGDWDEDVHVXVHGDVDIUDPHZRUNIRU
PDQDJLQJ FRPSOH[ GDWD ZLWK PDQ\ FRQQHFWLRQV




,Q WKLV SDSHU ZH KDYH SUHVHQWHG D 0'$EDVHG
DSSURDFK WR LPSOHPHQW 80/ FRQFHSWXDO PRGHO
GHVFULELQJ %LJ 'DWD LQ 1R64/ V\VWHPV 2XU
DSSURDFKFRQVLVWVRIDFKDLQRI WUDQVIRUPDWLRQVWKDW
JHQHUDWHDJHQHULFORJLFDOPRGHOFRPSDWLEOHZLWKWKH
WKUHH W\SHV RI 1R64/ V\VWHPV FROXPQ GRFXPHQW
DQG JUDSK DQG LQGHSHQGHQW RI D VSHFLILF 1R64/
SODWIRUPZKLFKPDNHV LW HDVLHU WR WUDQVIRUP LW LQWR
VHYHUDO1R64/SK\VLFDOPRGHOV$VIXWXUHZRUNZH
SODQ WR FRPSOHWH RXU WUDQVIRUPDWLRQ SURFHVV DQG
SURSRVHDPDSSLQJ IRU2&/H[SUHVVLRQVGHILQHG LQ
















&KHYDOLHU 0 (O 0DONL 0 .RSOLNX $ 7HVWH 2








'DQLHO * 6XQ\p * &DERW -  0DSSLQJ
FRQFHSWXDOVFKHPDVWRJUDSKGDWDEDVHV,QER
9DMN 7 )HKHU 3 )HNHWH . &KDUDI + 
'HQRUPDOL]LQJ GDWD LQWR VFKHPDIUHH GDWDEDVHV ,Q
CogInfoCom
main(){
Source.rootObjects()[DataBase]Ş>
maptoKeySpace();
}
mapping
DataBase::toKeySpace():KeySpace{
name:=self.name;
columnsfamily:=self.tablesŞ>map
toColumnsFamily();
}
ŞŞTransformingCtableto
ColumnsFamily
mappingCOLM
::Table::toColumnsFamily():Cassandr
a::ColumnsFamily{
name:=self.name;
column:=self.columnsŞ>map
toColumn();
}
ŞŞTransformingAttributetoColumn
mappingCOLM
::Column::toColumn():Cassandra::Col
umn{
if(self.cType="Rid"){
